This issue contains a set of papers which make up the second part of a special topic describing a number of advances in the applications of measurement and control in the biomedical domain.
The biomedical domain offers many challenges of measurement and control which have attracted the interest and energy of many engineers and related professionals. The reasons for this are several and varied. Some of them were discussed in the editorial in the previous issue, but are worth stating in summary form again here.
First physiological systems are exceedingly complex, yet are highly robust and function effectively. For example, internal body temperature is extremely well regulated regardless of extreme variations in environmental conditions. Can the engineer learn something from such physiological measurement and control systems that can be transferred to other technical domains?
Equally when trying to understand the dynamic behaviour of, for instance, the chemistry of the human organism through the development of appropriate models, the fact that it is difficult, if not impossible, to obtain continuous measurements of all the key variables poses considerable challenges for the modeller. These difficulties have resulted in much research being carried our into more effective means of achieving inferential measurement, with particular emphasis upon the development of good modelling methodology with validation as very much as integral ingredient.
The processing and interpretation of physiological signals has for many years attracted the attention of biomedical engineers and colleagues, particularly those reflecting the electrical activity of the human organism, including the ECG and EEG signals. Given the complexities of the processes which give rise to these signals, work in this area has led to many advances in the development of signal processing methods in both time and frequency domains, including novel methods employing higher-order statistical processing and more recently a variety of knowledge-based approaches to signal interpretation.
Increasingly modelling and control are moving from being tools employed just in physiological research to finding an ever increasing role in supporting the clinical team in the management of the patient. Examples can be found across the medical spectrum from the high-dependency medicine of the operating theatre and the intensive care unit to the management of the patient with chronic disease in the primary care sector and in the community. For instance on-line control schemes have for a number of years now been used to control the infusion rates of drugs designed to control blood pressure in patients following cardiac surgery. Equally at the other end of the spectrum model-based control schemes have been devised to provide advice for the diabetic patient regarding the dosage of insulin injections designed to control their blood glucose level.
Developments in this challenging application domain show no sign of diminishing. Just as several decades ago the challenges and contraints of physiological and biomedical systems were highlighting the limitations in measurement and control techniques and hence providing a spur to innovation, so it is today. At the same time much of the technology of measurement and control in the biomedical context has now reached a level of maturity, reliability and acceptability such that clinical adoption becomes much more widespread. Moreover, it is not just the members of the clinical team who are the immediate beneficiaries of these advances. Patients themselves are increasingly benefitting, particularly with advances in web-based technology such that model-based decision support systems become readily accessible in what can be seen as moves towards 'eHealth'.
The previous issue of these Transactions contained the first four of the papers that make up this collection on a biomedical theme. Three of those papers focused on the role of electrical signals produced by the human body, employing novel processing techniques in order to gain clinically relevant information regarding the state of the human organism in the healthy state and in disease conditions. The fourth demonstrated the role of modelling as it impacts not only directly upon the clinical care of the individual patient, but also upon the associated issues of resource management.
This issue contains three papers which focus on issues of measurement and control in the clinical context. First, Werner and colleagues examine sensor technology for the control of cardiac pacing. The context is that of pacemakers which are implanted on account of deficiencies in rhythm generation and excitation conduction in the heart. The aim of sensor-controlled pacemaker systems is to facilitate the greatest possible restoration of physiological adaptation to circulatory stress. If the intrinsic heart rhythm generator breaks down, there is the need to sense physical and/or physiological variables suited to heart rate control. Two new sensor technologies are offered for closed loop pacemaker systems which are optimally suited to restore the original physiological control loop to the maximum extent. One uses sensors to measure the atrio-ventricular delay of the heart, whilst the other makes use of a fibre optic sensor which measures contraction of the heart muscle.
Linkens et al. describe a multi-sensor fusion system for the monitoring and control of the depth of anaesthesia in the operating theatre. Two types of anaesthesia measures are considered, the first based on auditory evoked responses, whilst the second measure is based on cardiovascular system signals. In technical terms, the first is based on analysis of the signal using wavelets and a neuro-fuzzy system, whilst the second involves analysis of the measurements using a rule-based fuzzy logic system. The two measures are then combined to give a final level of depth of anaesthesia using another rule-based fuzzy logic system. This level of the depth of anaesthesia is then fed back to a Target Controlled Infusion System to control the rate of infusion of the drug propofol for maintaining a constant level of depth of anaesthesia.
Blom and Hoeksel argue that standard control theory approaches alone are not sufficient for the design of clinical control systems, but that an additional ingredient of medical expertise is needed. The main problem to be overcome is that no real time identifiability of the patient's characteristics can be guaranteed, due to the low signal-to-noise ratio of the feedback signals in combination with unknown, and possibly rapid changes in patient characteristics. Solutions to this problem are suggested by the manual control methods adopted by expert clinicians. One approach is to adjust the controller's parameters through monitoring its control performance. Another, in the case of multi-input, multi-output controllers, is to allow variation in the administration of only a single drug at any one time. Furthermore, other goals may occasionally be more important than keeping feedback signals at setpoint values. These goals need to be included as part of any clinical decision support system being designed. The paper illustrates the success of adding clinician-derived heuristics to standard control systems through a number of single and multiple drug controllers, the goal of which is to support the clinician in the stabilization of systemic arterial and/or pulmonary artery pressure during and after cardiac surgery.
These papers, together with those contained in the previous issue, illustrate some of the major challenges of measurement and control that are currently being tackled. It seems clear that the biomedical domain will continue to offer such challenges for many years to come; on the one hand catalysing advances in measurement and control method and technique, and on the other helping to offer solutions that are increasingly impacting on the delivery of health care and associated research activities.
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